Abstract: Sixty days old mung beans Vigna radiata (L.) Wilczek were treated with soil applied paclobutrazol, at the rate of 500 µg per 10 inch pot. After seven days of application, the plants along with untreated controls were transferred to the dark for induction of senescence. The treated plants exhibited higher chlorophyll content and activity of catalase (CAT) compared to controls. In contrast, control leaves had higher activity of peroxidase (POX) and a higher content of malondialdehyde (MDA), while superoxide dismutase (SOD) activity remained unchanged. Upon transfer to dark, chlorophyll content declined in both control and treated plants but the decline was much faster in control. The activity of CAT decreased significantly in controls while POX activity and MDA content remained higher in control than in treated plants. Paclobutrazol delayed the dark-induced senescence in attached mung bean leaves in association with the maintenance of higher activity of CAT, low activity of POX, and low MDA contents. The variation in SOD activity was not discernible with senescence levels.
Introduction
Triazoles have emerged as a new group of synthetic plant growth regulators (PGRs). One of them paclobutrazol (PBZ) reduces plant growth by suppressing the synthesis of gibberellins and its effects are reversed by gibberellin application (Davis et al. 1986; Fletcher et al. 2000) . The PGRs affect several physiological and biochemical processes in plants including leaf senescence (Sankhla et al. 1985; Davis et al. 1986 ) and enzyme activities (Bora et al. 1991) . Fletcher et al. (2000) reviewed that triazoles delay senescence in various plants and suggested that their effects were a consequence of increased cytokinin levels. Cytokinins are known to stimulate chlorophyll synthesis and retard senescence. Since not much is known about the mode by which paclobutrazol delays senescence in plants, this investigation was conducted to examine the influence of this growth regulator on some of the processes related to senescence in mung bean.
Of the various postulates concerned with senescence initiation in plants, the free radical hypothesis has recently attracted considerable attention (Dhindsa et al. 1981; Choudhury 1988; Bartosz 1997) . Activated oxygen species (AOS) such as superoxide (O − 2 ) or H 2 O 2 and their interaction products react with proteins, lipids, and nucleic acids (Halliwell 1978; Choudhury 1988) and their accumulation therefore may initiate leaf senescence. In addition to following the changes in chlorophyll content and lipid peroxidation after paclobutrazol treatment, we have also monitored the activities of superoxide dismutase, catalase and peroxidase which are known to remove AOS and control the level of lipid peroxidation (Fridovich 1976; Halliwell 1978; Dhinsa et al. 1981; Choudhury 1988; Zhang & Kirkham 1996) .
Material and methods
Mung bean [Vigna radiata (L.) Wilczek] plants were grown in 10 inch earthenware pots filled with 5 kg alkaline calcareous soils. Two plants were finally kept per pot after emergence. At the age of 60 days (pod initiation stage) the plants were treated with PBZ (500 µg active ingredient per 10 inch pot) by applying 100 mL of 5 mg L −1 solution as soil drench to each pot. The PBZ used was 50% wet table pure substance. After this period the plants were transferred to a dark chamber and maintained at 26 ± 2 • C for five days. The trifoliate leaves from both control and treated plants were analysed for chlorophyll, malondialdehyde, (MDA) and enzyme activities.
Chlorophyll was analysed in 80% (v/v) acetone leaf extracts using method of Lichtenthaler (1987) . Lipid peroxidation in the leaf tissue was measured in terms of MDA, a decomposition product of the peroxidation of polyunsaturated fatty acids, as thiobarbituric acid reactive substances using methods of Heath & Packer (1968) , and Dhindsa et al. (1981) in leaf extract in 5% TCA (trichloroacetic acid). After centrifugation at 20 000 rpm for 20 min, the absorbance of supernatant was read at 532 nm and the values were corrected for non-specific turbidity by subtracting the absorbance at 600 nm. The concentration of MDA was calculated using its extinction coefficient using the method by Heath & Packer (1968) . For peroxidase, 200 mg of leaf tissue was homogenised in 0.05 M Tris-HCl buffer (pH 7.0) containing 0.001 M EDTA and 0.003 M MgCl2, and the extract was prepared as described earlier (Bora et al. 1991) . POX activity was measured as a change in absorbance at 470 nm by incubating the enzyme with hydrogen peroxide and guaiacol (Bora et al. 1980) . The increase in absorbance at A470 was followed for a minute. The activity was expressed as change in absorbance per g of fresh weight per minute. For determination of superoxide dismutase (SOD) and catalase (CAT) activity, 200 mg of leaf tissue was homogenised in 5 mL of 5 mM phosphate buffer (pH 7.0) containing 1% insoluble polyvinyl pyrrolidone. The homogenate was centrifuged at 15 000 rpm for 15 min and the obtained supernatant was used as the enzyme extract. All steps in preparation of the enzyme extract were carried out at 0-4
CAT was assayed by measuring the initial rate of disappearance of hydrogen peroxide according to the method by Chance & Maehly (1955) . The decrease in hydrogen peroxide was followed as a decline in A240 using UV -spectrophotometer Systronix 105.
The SOD was assayed essentially as described by Dhindsa et al. (1981) by measuring the ability to inhibit the photochemical reduction of nitro blue tetrazolium. The experiment was laid out in completely randomised design. The data are means of four replicates. Data were analysed by analysis of variance to determine the significance of treatments.
Results
Total chlorophyll content was 36% higher in treated plants than in controls, at the time of transfer to dark (Fig. 1) . Up to 40% of chlorophyll was degraded after five days in control plants in the dark. During this period 86% of the initial chlorophyll was still retained in the leaves of the treated plants.
One week after treatment, PBZ treated plants exhibited CAT activity that was by about 50% higher than in the control plants (Fig. 2) . In the dark, CAT activity declined to about 47% in the control whereas the treated plants showed insignificant decline (Fig. 2) .
In contrast to CAT, the activity of POX was significantly lower in the treated plants at the time of trans- fer to dark (Fig. 2) . Upon completion of five days in the dark a 50% rise in POX activity was observed in the leaves of control plants. In treated plants only an insignificant increase in POX activity was observed in the dark. Initially, there was no difference in SOD activity between control and treated plants (Fig. 2) but five days after transfer into the dark, an increase in activity of this enzyme was observed in the leaves of controls, whereas it remained more or less the same in the treated plants.
Seven days after treatment with PBZ, the control leaves contained about 10% more MDA than the treated leaves (Table 1) . Five days after transfer into the dark, 30% increase in MDA content was observed in control plants indicating enhanced lipid peroxidation in the leaves undergoing dark-induced senescence. On the contrary, the MDA content of the treated leaves remained unchanged upon dark transfer. Consequently, their MDA content was about 33% less than that of controls five days after transfer into the dark.
Discussion
Conventionally, biochemical parameters used to indicate senescence of leaves are chlorophyll and proteins in leaves (Thimann 1980) . In the present investigation, a decline in chlorophyll content was evident in the leaves of both control and treated plants five days after their transfer to dark, but the extent of the decline in chlorophyll content in the control plants was significantly higher than in the treated plants. Thus, PBZ effectively controlled dark-induced senescence in attached mung bean leaves by checking the rate of chlorophyll degradation in the treated plants. Several workers reported earlier delaying of the onset of senescence by PBZ in the leaves of some plants (Sankhla et al. 1985; Fletcher et al. 2000) . The exact mechanism through which this compound delays senescence is not known. The PBZ seems to have delayed the onset of senescence in attached mung bean leaves probably by enhancing the endogenous level of cytokinins through their secondary effect on plants. The PBZ induces plants to produce more cytokinin and hence effect induced by PBZ may be a consequence of increased cytokinins level (Grossmann 1992; Fletcher et al. 2000) .
Evidences also exist suggesting that the phytohormone effects preventing the senescence are mediated through a modulation of metabolism of activated oxygen radicals and their subsequent deteriorating influence on membrane integrity due to enhanced lipid peroxidation (Dhindsa et al. 1981 (Dhindsa et al. , 1982 Feng et al. 2003) . Similar to earlier report in cucumber cotyledons (Feng et al. 2003) , in mung bean also, dark induced senescence was found to be accompanied by increased levels of lipid peroxidation as evidenced by the higher content of MDA in the leaves. In detached wheat and rye leaves, increased peroxidation of lipids during senescence was observed only in light Kar & Feierabend (1984) , but in attached leaves of mung bean enhanced peroxidation also occurred in the dark. In the present investigation, PBZ checked the rise in lipid peroxidation in dark which supports the view that this compound delays the onset of senescence (Fletcher et al. 2000) . Recently, Feng et al. (2003) also reported similar observations in detached cucumber cotyledons by triazole derivative triadimefon.
Hydrogen peroxide has been reported to be involved in senescence of a variety of plants (Parida et al. 1978) . SOD, CAT, and POX by their combined action reduce the concentration of O − 2 , OH − , and H 2 O 2 , which represent the products of partial reduction of oxygen in the living system (Fridovich 1976) . CAT activity was found to be declined in dark-induced senescence. In our investigation, the PBZ-treated plants maintained higher CAT activity in dark induced senescing leaves compared to controls. Unlike CAT, the POX activity increased in mung bean leaves during dark-induced senescence. Earlier Kar & Feieraband (1984) also reported enhanced peroxidase activity during leaf senescence though the function of this increase is not completely understood in the present study, Paclobutrazol kept POX activity lower, than the control during senescence, again illustrating senescence delaying effects of this compound.
The behaviour of SOD during senescence varies from species to species. Dhindsa et al. (1981) reported an increased level of membrane permeability and peroxidation and decreased level of SOD and CAT in senescing leaves of tobacco. In the senescing detached leaves of wheat, SOD slowly declined, but its activity remained virtually unchanged in the senescing rye leaves (Kar & Feierabend 1984) . During the dark induced senescence of mung bean in the present investigation, the activity of this enzyme remained lower in the leaves of plants treated with PBZ, even though senescence of leaves was considerably arrested. This suggests that at least in mung bean, low levels of SOD may not be related to senescence. Similar observation was also reported in senescing detached cucumber cotyledons where triazole triadimefon had little effect on SOD activity during arresting senescence (Feng et al. 2003) .
In conclusion, it is apparent that PBZ could retard senescence in attached leaves of mung bean by inhibiting lipid peroxidation and keeping significantly high CAT activity and low POX activity in the treated plants.
